Alkali activation is a highly active and rapidly developing field of activity in the global research. Alkaliactivated cements have found a variety of applications: transportation, industrial, agricultural, residential, mining and so on. Alkali activated binders are made by mixing industrial aluminosilicate waste materials such as one of them is slag. This study aims to evaluate the influence of incorporating aluminum hydroxide on the physical and mechanical properties of alkali-activated slag. Mineralogy of composites were studied using X-ray diffraction analyze. The results showed that the molar ratio of raw materials strongly affects the kinetics of reaction and the structural evolution of the solid phases forming in alkali silicate activated binders. The role of Al(OH) 3 in the mixtures in activated binders is closely related to the availability of Al in the system, because it controls the concentrations of secondary products such as zeolites. Based on the experimental results, it can be concluded that by reducing Al 2 O 3 from 1.30 mol till 0.75 mol (in the mixtures of raw materials) the compressive strength of samples increases from 27 -42 MPa till 39 -54 MPa.
Introduction pressive mechanical strengths of about 50 MPa. The main reaction product in these pastes is a hydrated calcium silicate, like CSH gel, with high amounts of tetra coordinated Al in its structure, as well as Na ions in the interlayer spaces (Puertas et al. 2000) . In the study (Lee and Lee 2015) , the microstructure, reaction products, and reactivity of alkali-activated, fly ash/ slag binders synthesized at various mixture ratios of two raw materials were examined. It was found that the amount of added slag primarily affected the amount of reaction product and its silicate structure. In this case when the amount of added slag increased, the amount of C-S-H gel increased and the amount of aluminosilicate gel decreased. Marjanović et al. (2015) investigated physical-mechanical properties of alkali-activated binders based on blends of fly ash (FA) and blast furnace slag (BFS). It was found that the compressive strength mostly depended on the composition of the FA-BFS blends and the water/binder ratio. The setting time highly depended on the activator concentration, while the drying shrinkage was mostly affected by the curing temperature.
In the previous research (Gebregziabiher et al. 2015 ) the early age reaction kinetics and microstructural development in alkali-activated slag binder are discussed. Microstructure and strength development were monitored to correlate the heat evolution with the property development. In-situ isothermal calorimetric data for sodium hydroxide-activated systems exhibited only one major heat evolution peak with no dormant period. Sodium silicate-activated pastes exhibited multiple peaks and extended dormant periods. Gu et al. (2015) indicated that the impact of the curing temperature was much more significant on the setting time of AAS than on that of ordinary Portland cement (OPC). The shrinkage of AAS were slightly reduced or retarded by curing at below normal temperature.
The hydration and the microstructure of three alkali activated slags (AAS) with MgO contents between 8 and 13 wt.% are investigated. Higher MgO content of the slag resulted in a faster reaction and higher compressive strengths during the first days. The formation of C(−A)-S-H and of a hydrotalcite-like phase was observed in all samples. Increasing the MgO content of the slag from 8 to 13% increased the amount of hydrotalcite and lowered the Al uptake by C-S-H resulting in 9% higher volume of the hydrates .
It is very important to assess the necessary amounts of initial materials. Many papers have been published related with the choosing of initial materials including Al 2 O 3 contents in alkali activated systems. Haha et al. (2012) studied the hydration of two slags with different Al 2 O 3 contents. In all systems, C-S-H incorporating aluminum and a hydrotalcite-like phase with Mg/Al ratio ~2 are the main hydration products. The C-S-H gels present in NaOH activated pastes are semi-crystalline; a calcium silicate hydrate (C-S-H) and a sodium rich C-N-S-H with a similar Ca content are observed at longer hydration times. In another research the hydration and microstructural evolution of three alkali activated slags (AAS) with Al 2 O 3 contents between 7 and 17% wt. % have been investigated. The formation of C(A)-S-H and hydrotalcite was observed in all samples. Higher Al 2 O 3 content of the slag decreased the Mg/Al ratio of hydrotalcite, increased the Al incorporation in the C(A)-S-H and led to the formation of strätlingite. Increasing Al 2 O 3 content of the slag slowed down the early hydration and a lower compressive strength during the first days was observed. At 28 days and longer, no significant effects of slag Al 2 O 3 content on the degree of hydration, the volume of the hydrates, the coarse porosity or on the compressive strengths were observed (Haha et al. 2012 ).
The aim of this research was to evaluate the influence of aluminum hydroxide additive on the physical and mechanical properties of alkali-activated slag.
Materials and methods
In this study slag was used as raw material. According to the X-ray diffraction curves ( Fig. 1) The slag was hydrated in the presence of NaOH like alkaline activator and the lacking amount of aluminum adjusted by adding of Al(OH) 3 . The mixing procedure was as follows: the solid precursor (slag), NaOH and Al(OH) 3 were weighed, and the dry powders were mixed. The water was added and the paste were mixed externally till homogenous mass. Similar mixing procedure was used in the previous research (M. Ben Haha et al. 2012) . The X-ray diffraction analysis of the materials was performed using the X-ray diffractometer Bruker D8 Advance. CuKα radiation and Ni filter were used. The power X-ray diffraction patterns were identified with references available in PDF-2 data base (PDF -2 International Centre for Diffraction Data, 12 Campus Boulevard Newtown Square, PA 19073-3273 USA).
Chemical compositions of these materials were investigated by X-ray fluorescence spectrometer Bruker X-ray S8 Tiger WD, using rhodium (Rh) tube, anode voltage Ua up to 60 kV, electric current I up to 130 mA. The pressed samples were measured in helium atmosphere. Measurements were performed using SPECTRA Plus QUANT EXPRESS method.
All of the pastes were prepared with water to solid materials ratio of 0.3 (by mass). The formed test samples (2×2×2 cm size cubes) were hardened for 28 days. The compressive strength of hardened slag paste was measured by EN 196-1. An automated and computerized ToniTechnik 2020 press was used to evaluate the compression strength of hardened slag paste. It was used 6 probes for compressive strength. The density of hardened slag paste was obtained according to EN 12390-7 standard.
Results and discussion
Higher content of Al 2 O 3 changed the mineral composition of the samples and slightly decreased the density of the specimens (Fig. 2 a) . The compressive strength development of alkali activated slag pastes by different amounts of Al 2 O 3 Na 2 O and Si 2 O at the ages 28 curing days is shown in Fig. 2 . Higher compressive strengths were observed in alkali activated slag samples by using smaller (0.75 mol) amount of Al 2 O 3 compared to the samples with higher (1.3 mol) amount of Al 2 O 3 . The compressive strengths increased with an increasing Na 2 O/Si 2 O molar ratio till 5.1 but when molar ratio was 5.7 it lightly decreased (Fig. 2 b) .
Fig. 2
Compressive strength (a) and density (b) of alkali-activated slag with different amount of raw materials a b
The high compressive strength of alkali-activated slag based-materials is attributed to the amorphous hydrated alkali-aluminosilicate produced for slag ) and the calcium silicate hydrate gel (C-S-H) formed for slag (Yip et al. 2005 ).
In the X-ray diffractograms of alkali activated samples cured for 28 d (Fig. 3) , it is possible to identify the major X-ray crystalline phases previously observed in the unreacted slag: hydrotalcite - . The identification of C-S-H type phases is consistent in previous studies using slags and activated under different conditions .The molar ratio of raw materials strongly affects the kinetics of reaction and the structural 
Conclusions
This study presents the investigation of alkali-activated slag pastes. The dosage of Na 2 O Al 2 O 3 and SiO 2 are significant factors influencing the binding mechanism and properties of alkali-activated slag samples. The main conclusions extracted from the present study are following:
1
The hydration products of alkali-activated slag pastes are mainly amorphous alkaline aluminosilicate and low-crystalline calcium silicate hydrate gel.
2
Formulating the mixture based on amorphous composition produced samples with a significantly higher compressive strength than those in which composition crystalline phase form.
3
In the mixtures of raw materials by reducing Al 2 O 3 from 1.30 mol till 0.75 mol the compressive strength of samples increases from 27 -42 MPa till 39 -54 MPa. The highest compressive strength (54 MPa) has been observed in alkali-activated slag with Na 2 O/Si 2 O molar ratio 5.1 and by using smaller amount (0.75 mol) of Al 2 O 3 .
